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(54) CONTROL DEVICE

(567) A control device performs upshifting in a state
in which an operating point of a rotating electrical ma-
chine for outputting requirement-based torque at
wheel-based rotational speed falls within an operable
range of the rotating electrical machine both before and
after shifting a shift speed by the upshifting, and in which
before shifting the shift speed, output torque from the
rotating electrical machine is less than or equal to deter-
mination torque (T1), the wheel-based rotational speed
being rotational speed of the rotating electrical machine
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Description
TECHNICAL FIELD

[0001] The presentinvention relatestoa control device
whose control target is a vehicle drive device having an
automatic transmission provided in a power transmission
path that connects a rotating electrical machine to a
wheel.

BACKGROUND ART

[0002] An example of a control device such as that
described above is described in JP 2014-47817 A (Patent
Literature 1). Reference signs shown in parentheses in
description of the Background Art below are those of Pat-
ent Literature 1. A control target for a control device de-
scribed in Patent Literature 1 is a vehicle motor drive
device (A) such as that shown in FIG. 3 of the Literature.
The vehicle motor drive device (A) includes an electric
motor (3); a transmission (5) that changes the speed of
rotation of an output shaft (4) of the electric motor (3) and
outputs the rotation; and a differential (6) that distributes
the rotation outputted from the transmission (5) to a pair
of wheels. Patent Literature 1 describes a configuration
in which gear changes in the transmission (5) are per-
formed based on a transmission map that defines an up-
shift line and a down-shift line, such as that shown in FIG.
10 of the Literature.

[0003] Meanwhile, during operation of upshifting which
is shifting of a shift speed formed by an automatic trans-
mission from a first shift speed to a second shift speed
having a smaller gear ratio than the first shift speed, a
drive power transmission path in the automatic transmis-
sion shifts from a first-shift-speed state to a second-shift-
speed state. At this time, when output torque from a ro-
tating electrical machine is constant, due to a reduction
in wheel transmission torque which is torque transmitted
from the rotating electrical machine to wheels, there is a
possibility that an occupant of a vehicle senses deceler-
ation. Though not described in Patent Literature 1, it is
conceivable that such a reduction in wheel transmission
torque caused by a reduction in gear ratio is compensat-
ed for by increasing the output torque from the rotating
electrical machine. However, due to limitations on max-
imum torque that can be outputted from the rotating elec-
trical machine, depending on an operating point of the
rotating electrical machine before shifting the shift speed,
the output torque from the rotating electrical machine
may not be able to be sufficiently increased and the re-
duction in wheel transmission torque may not be appro-
priately compensated for.

CITATIONS LIST
PATENT LITERATURE

[0004] Patent Literature 1: JP 2014-47817 A
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SUMMARY OF INVENTION
TECHNICAL PROBLEMS

[0005] Hence, it is desired to implement a technique
in which upon performing upshifting, a reduction in wheel
transmission torque caused by a reduction in gear ratio
can be appropriately compensated for by an increase in
output torque from the rotating electrical machine.

SOLUTIONS TO PROBLEMS

[0006] In a control device whose control target is a ve-
hicle drive device having an automatic transmission pro-
vided in a power transmission path that connects a ro-
tating electrical machine to a wheel, according to the
present disclosure, the control device is configured such
thatwhen the control device performs upshifting, the con-
trol device performs, during operation of the upshifting,
torque increase control in which output torque from the
rotating electrical machine is increased so as to compen-
sate for a reduction in wheel transmission torque caused
by a reduction in gear ratio, the upshifting being shifting
of a shift speed formed by the automatic transmission
from a first shift speed to a second shift speed having a
smaller gear ratio than the first shift speed, and the wheel
transmission torque being torque transmitted from the
rotating electrical machine to the wheel through the au-
tomatic transmission, and the upshifting is performed in
astate in which an operating point of the rotating electrical
machine for outputting requirement-based torque at
wheel-based rotational speed falls within an operable
range of the rotating electrical machine both before and
after shifting the shift speed by the upshifting, and in
which before shifting the shift speed, output torque from
the rotating electrical machine is less than or equal to
determination torque, the wheel-based rotational speed
being rotational speed of the rotating electrical machine
based on rotational speed of the wheel, the requirement-
based torque being output torque from the rotating elec-
trical machine based on the required wheel transmission
torque, and the determination torque being torque ob-
tained by subtracting an amount of increased torque re-
sulting from the torque increase control from maximum
torque that can be outputted from the rotating electrical
machine at the wheel-based rotational speed.

[0007] According to this configuration, by performing
torque increase control during upshifting operation, a re-
duction in wheel transmission torque caused by a reduc-
tion in gear ratio can be compensated for by an increase
in output torque from the rotating electrical machine. In
the above-described configuration, the state of the rotat-
ing electrical machine upon performing upshifting is a
state in which the following two conditions, a first condi-
tion and a second condition, are satisfied. Here, the first
condition is that an operating point of the rotating elec-
trical machine for outputting requirement-based torque
at wheel-based rotational speed falls within an operable
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range of the rotating electrical machine both before and
after shifting the shift speed by the upshifting, and the
second condition is that before shifting the shift speed,
output torque from the rotating electrical machine is in a
state of being less than or equal to determination torque
which is torque obtained by subtracting an amount of
increased torque resulting from torque increase control
from maximum torque that can be outputted from the
rotating electrical machine at the wheel-based rotational
speed. As such, by the state of the rotating electrical ma-
chine upon performing upshifting being a state in which
the second condition is satisfied in addition to the first
condition, in torque increase control performed during
upshifting operation, output torque from the rotating elec-
trical machine can be increased by an amount of in-
creased torque without subject to limitations on the max-
imum torque. As a result, upon performing upshifting, a
reduction in wheel transmission torque caused by a re-
duction in gear ratio can be appropriately compensated
for by an increase in output torque from the rotating elec-
trical machine.

[0008] Further features and advantages of the control
device will become apparent from the following descrip-
tion of embodiments which will be described with refer-
ence to drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

FIG. 1 is a diagram showing a schematic configura-
tion of a vehicle drive device according to a first em-
bodiment.

FIG. 2 is a diagram showing an example of a trans-
mission map according to the first embodiment.
FIG. 3 is a time chart showing an example of control
behavior of upshifting control according to the first
embodiment.

FIG. 4 is a diagram showing a schematic configura-
tion of a vehicle drive device according to a second
embodiment.

FIG. 5is adiagram showing an example of travelable
ranges at a first shift speed and a second shift speed
according to the second embodiment.

FIG. 6 is aflowchart showing a processing procedure
of upshifting control according to the second embod-
iment.

FIG. 7 is a time chart showing an example of control
behavior of upshifting control according to the sec-
ond embodiment.

FIG. 8 is a time chart showing exemplary control of
output torque from a rotating electrical machine in
torque reduction control according to the second em-
bodiment.

FIG. 9 is a diagram showing another example of
travelable ranges at the first shift speed and the sec-
ond shift speed according to the second embodi-
ment.
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DESCRIPTION OF EMBODIMENTS
[First Embodiment]

[0010] A first embodiment of a control device will be
described with reference to drawings (FIGS. 1 to 3). Note
that in this specification a "rotating electrical machine" is
used as a concept that includes all of a motor, a gener-
ator, and a motor-generatorthat functions as both amotor
and a generator as necessary. Note also that in this spec-
ification "drive-coupled" refers to a state in which two ro-
tating elements are coupled together so that they can
transmit drive power. This concept includes a state in
which two rotating elements are coupled together such
that they rotate together, and a state in which two rotating
elements are coupled together via one or more power
transmission members so that they can transmit drive
power. Such power transmission members include var-
ious types of members (shafts, gear mechanisms, belts,
chains, etc.) that transmit rotation at the same speed or
at a changed speed, and may include engagement de-
vices (friction engagement devices, mesh engagement
devices, etc.) that selectively transmit rotation and drive
power.

[0011] AsshowninFIG.1,acontroldevice 3isa control
device whose control target is a vehicle drive device 1
having an automatic transmission 2 provided in a power
transmission path that connects a rotating electrical ma-
chine MG to first wheels W1. The vehicle drive device 1
allows a vehicle 4 having the vehicle drive device 1
mounted thereon to travel by transmitting output torque
Tmg from the rotating electrical machine MG to the first
wheels W1. In the present embodiment, the power trans-
mission path is provided so as to connect the rotating
electrical machine MG to the two left and right first wheels
W1, and the vehicle drive device 1 transmits output
torque Tmg from the rotating electrical machine MG to
the two left and right first wheels W1. Specifically, the
vehicle drive device 1 includes a differential gear device
DF (output differential gear device) between the auto-
matic transmission 2 and the two left and right first wheels
W1 in the above-described power transmission path. The
differential gear device DF distributes and transmits ro-
tation and torque which are inputted from a rotating elec-
trical machine MG side (automatic transmission 2 side)
to the two left and right first wheels W1. In the present
embodiment, the first wheel W1 corresponds to a
"wheel".

[0012] Inthe presentembodiment, the vehicle 4 is pro-
vided with second wheels W2 which are independent of
the power transmission path connecting the rotating elec-
trical machine MG to the first wheels W1. Either ones of
the first wheels W1 and the second wheels W2 are front
wheels of the vehicle 4, and the other ones of the first
wheels W1 and the second wheels W2 are rear wheels
of the vehicle 4. In the present embodiment, the vehicle
drive device 1 does not include any other drive power
source for the first wheels W1 than the rotating electrical
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machine MG, and does not include a drive power source
for the second wheels W2, either. Namely, in the present
embodiment, the vehicle drive device 1 is a drive device
for an electric motor vehicle (electric vehicle).

[0013] Though depiction is omitted, the rotating elec-
trical machine MG includes a stator fixed to a non-rotating
member such as a case; and a rotor which is rotatably
supported on the stator. Here, the rotating electrical ma-
chine MG is an alternating-current rotating electrical ma-
chine which is driven by alternating current (e.g., three-
phase alternating current). The rotating electrical ma-
chine MG is electrically connected to an electrical storage
device such as a battery or a capacitor through an inverter
that converts electric power between direct-current elec-
tric power and alternating-currentelectric power, and per-
forms motoring by receiving electric power supply from
the electrical storage device, or supplies and stores elec-
tric power generated by inertial force, etc., of the vehicle
4 in the electrical storage device. Note that in this spec-
ification, for the positive and negative signs of torque such
as output torque Tmg from the rotating electrical machine
MG, torque in a direction in which the vehicle 4 moves
forward is a positive torque, and torque in an opposite
direction to the positive torque is a negative torque. Note
also that in this specification, the magnitude of torque
such as output torque Tmg from the rotating electrical
machine MG is magnitude taking into account signs (pos-
itive and negative) instead of an absolute value. Namely,
minimum torque that can be outputted from the rotating
electrical machine MG is a negative torque having a max-
imum absolute value, and maximum torque Tmax that
can be outputted from the rotating electrical machine MG
is a positive torque having a maximum absolute value.
[0014] The automatic transmission 2 changes the
speed of rotation of an input member 20 and transmits
the rotation to an output member 21. The input member
20 is drive-coupled to the rotating electrical machine MG,
and the output member 21 is drive-coupled to the first
wheels W1. In the present embodiment, the input mem-
ber 20 is coupled to the rotating electrical machine MG
(specifically, the rotor of the rotating electrical machine
MG) such that they rotate together. In addition, in the
present embodiment, the output member 21 is coupled
to the first wheels W1 through the above-described dif-
ferential gear device DF.

[0015] The automatic transmission 2 is a stepped au-
tomatic transmission that can form a plurality of shift
speeds having different gear ratios, and changes the
speed of rotation of the input member 20 at a gear ratio
determined based on a formed shift speed, and transmits
the rotation to the output member 21. Note that the "gear
ratio" is aratio of the rotational speed of the input member
20 to the rotational speed of the output member 21.
Though depiction is omitted, the automatic transmission
2 includes a plurality of transmission engagement devic-
es, and forms any of the plurality of shift speeds according
to a state of engagement of each of the transmission
engagement devices. As the automatic transmission 2,
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a planetary gear automatic transmission which is con-
structed by using a single or a plurality of planetary gear
mechanisms can be used. In this case, by controlling a
differential state of each planetary gear mechanism by
the transmission engagement devices, a shift speed to
be formed is changed.

[0016] The plurality of shift speeds (a plurality of for-
ward shift speeds, hereinafter, the same applies to this
paragraph.) formed by the automatic transmission 2 in-
clude a first shift speed and a second shift speed having
a smaller gear ratio than the first shift speed. In the
present embodiment, two shift speeds adjacent to each
other are the first shift speed and the second shift speed.
In addition, in the present embodiment, the first shift
speed s a shift speed having the largest gear ratioamong
the plurality of shift speeds formed by the automatic trans-
mission 2, and the second shift speed is a shift speed
having the smallest gear ratio among the plurality of shift
speeds formed by the automatic transmission 2. Note
that it is also possible to adopt a configuration in which
the automatic transmission 2 can form a forward shift
speed having a gearratio smaller than the first shift speed
and larger than the second shift speed, a configuration
in which the automatic transmission 2 can form a forward
shift speed having a larger gear ratio than the first shift
speed, or a configuration in which the automatic trans-
mission 2 can form a forward shift speed having a smaller
gear ratio than the second shift speed.

[0017] The control device 3 includes, as a core mem-
ber, an arithmetic processing device such as a central
processing unit (CPU) and includes storage devices that
can be referred to by the arithmetic processing device,
such as a random access memory (RAM) and a read
only memory (ROM). Each function of the control device
3is implemented by software (programs) stored in a stor-
age device such as the ROM, hardware such as an arith-
metic circuit provided separately, or both of them. The
arithmetic processing device included in the control de-
vice 3 operates as a computer that executes each pro-
gram. The control device 3 may include a set of a plurality
of pieces of hardware (a plurality of separated pieces of
hardware) that can communicate with each other. In this
case, the control device 3 can also be configured such
that the control device 3 is separated into an in-vehicle
device mounted on the vehicle 4 and an out-of-vehicle
device which is provided external to the vehicle 4 and
can communicate with the in-vehicle device through a
communication network (e.g., the Internet), and at least
one of the functions of the control device 3 is provided in
the out-of-vehicle device.

[0018] The vehicle 4 includes various types of sensors,
and the control device 3 is configured to be able to obtain
detection information (sensor detection information) of
the various types of sensors. In the present embodiment,
as shown in FIG. 1, the plurality of sensors whose de-
tection information can be obtained by the control device
3 include a first sensor 61, a second sensor 62, and a
third sensor 63.
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[0019] The first sensor 61 is a sensor for obtaining ro-
tational speed Nmg of the rotating electrical machine MG,
and the control device 3 obtains rotational speed Nmg
of the rotating electrical machine MG based on detection
information of the first sensor 61. In the present embod-
iment, the first sensor 61 is provided so as to detect ro-
tational speed of the input member 20, and the control
device 3 obtains rotational speed Nmg of the rotating
electrical machine MG based on the rotational speed of
the input member 20 detected by the first sensor 61.
[0020] The second sensor 62 is a sensor for obtaining
vehicle speed which is travel speed of the vehicle 4, and
the control device 3 obtains vehicle speed based on de-
tection information of the second sensor 62. In the
present embodiment, the second sensor 62 is provided
so as to detect rotational speed of the output member
21, and the control device 3 obtains vehicle speed based
on the rotational speed of the output member 21 detected
by the second sensor 62. Note that the configuration may
be such that the second sensor 62 is provided so as to
detectrotational speed of the first wheels W1 or arotating
member (a drive shaft, etc.) that rotates together with the
first wheels W1, and the control device 3 obtains vehicle
speed based on detection information (detection infor-
mation of wheel speed V which is the rotational speed of
the first wheels W1) of the second sensor 62. In the
present embodiment, the wheel speed V corresponds to
"rotational speed of the wheel".

[0021] The third sensor 63 is a sensor for obtaining an
accelerator pedal position, and the control device 3 ob-
tains an accelerator pedal position based on detection
information of the third sensor 63. In the present embod-
iment, the third sensor 63 is provided so as to detect the
amount of operation on an accelerator pedal provided on
the vehicle 4, and the control device 3 obtains an accel-
erator pedal position based on the amount of operation
on the accelerator pedal detected by the third sensor 63.
[0022] The control device 3 determines wheels’ re-
quired torque Tr which is a requirement value of wheel
transmission torque Tw and a target shift speed to be
formed by the automatic transmission 2, based on sensor
detection information (in the present embodiment, based
on at least an accelerator pedal position and vehicle
speed (or wheel speed V)). Here, the wheel transmission
torque Tw is torque transmitted from the rotating electri-
cal machine MG to the first wheels W1 through the au-
tomatic transmission 2. The control device 3 controls the
rotating electrical machine MG so as to output output
torque Tmg determined based on the determined wheels’
required torque Tr, and controls the automatic transmis-
sion 2 so as to form the determined target shift speed.
[0023] A range of torque that can be outputted from
the rotating electrical machine MG (a range from mini-
mum torque to maximum torque) changes depending on
the rotational speed Nmg of the rotating electrical ma-
chine MG. Since the rotating electrical machine MG ro-
tates at wheel-based rotational speed which is the rota-
tional speed Nmg of the rotating electrical machine MG
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based on wheel speed V (in other words, the rotational
speed Nmg of the rotating electrical machine MG based
on vehicle speed), a range of torque that can be deter-
mined as wheels’ required torque Tr changes depending
on wheel speed V (or vehicle speed) as shown in FIG. 2
which will be referred to later. Thus, the control device 3
determines wheels’ required torque Tr within a range of
torque determined based on wheel speed V (or vehicle
speed), such thatthe wheels’ required torque Trincreas-
es as the accelerator pedal position increases. Note that
the wheel-based rotational speed is determined based
on the wheel speed V and a gear ratio from the rotating
electrical machine MG to the first wheels W1 (a ratio of
the rotational speed Nmg of the rotating electrical ma-
chine MG to the wheel speed V).

[0024] The control device 3 performs control such that
the rotating electrical machine MG outputs requirement-
based torque by controlling an operating point (rotational
speed Nmg and output torque Tmg) of the rotating elec-
trical machine MG through the above-described inverter.
Here, the requirement-based torque is output torque Tmg
from the rotating electrical machine MG based on re-
quired wheel transmission torque Tw (i.e., wheels’ re-
quired torque Tr), and is determined based on the wheels’
required torque Tr and a gear ratio from the rotating elec-
trical machine MG to the first wheels W1.

[0025] In addition, the control device 3 determines a
target shift speed by referring to a transmission map that
defines a transmission line (an up-shift line and a down-
shift line) such as a transmission line L, an example of
which is shownin FIG. 2. Then, the control device 3 allows
the automatic transmission 2 to form the target shift
speed (in the present embodiment, either one of the first
shift speed and the second shift speed) by controlling a
state of engagement of each of the plurality of transmis-
sion engagement devices included in the automatic
transmission 2. When the control device 3 performs
transmission control to shift a shift speed formed by the
automatic transmission 2 (in other words, to change the
shift speed), the control device 3 disengages a transmis-
sion engagement device that is disengaged to shift the
shift speed (disengaged-side engagement device) and
engages a transmission engagement device that is en-
gaged to shift the shift speed (engaged-side engagement
device).

[0026] Next, operations of upshifting control performed
by the control device 3 will be described. In the following
description, upshifting which is shifting of a shift speed
formed by the automatic transmission 2 from the first shift
speed to the second shift speed is simply referred to as
"upshifting". In addition, a gear ratio from the rotating
electrical machine MG to the first wheels W1 with the first
shift speed formed by the automatic transmission 2 is a
"first gear ratio G1", and a gear ratio from the rotating
electrical machine MG to the first wheels W1 with the
second shift speed formed by the automatic transmission
2 is a "second gear ratio G2".

[0027] During upshifting operation, a drive power



9 EP 3 789 233 A1 10

transmission path in the automatic transmission 2 shifts
from a first-shift-speed state to a second-shift-speed
state. At this time, when the output torque Tmg from the
rotating electrical machine MG is constant, the wheel
transmission torque Tw decreases due to a reduction in
gear ratio. To put it simply, the amount of reduction in
torque ATw which is the amount of reduction in the wheel
transmission torque Tw can be represented by the prod-
uct of the output torque Tmg from the rotating electrical
machine MG and the amount of reduction in gear ratio
(G1-G2), as ATw = Tmg X (G1 - G2). To suppress a
change in vehicle behavior caused by such a reduction
in the wheel transmission torque Tw to a small level, the
control device 3 is configured such that when upshifting
is performed, the control device 3 performs, during op-
eration of the upshifting, torque increase control in which
the output torque Tmg from the rotating electrical ma-
chine MG is increased so as to compensate for the re-
duction in the wheel transmission torque Tw caused by
the reduction in gear ratio.

[0028] In the present embodiment, in torque increase
control, the control device 3 controls the output torque
Tmg from the rotating electrical machine MG such that
the wheel transmission torque Tw is maintained at re-
quired torque (i.e., wheels’ required torque Tr) during up-
shifting operation. Namely, assuming that the wheels’
required torque Tris constant during upshifting operation,
in the torque increase control, the output torque Tmg from
the rotating electrical machine MG is controlled such that
the amount of reduction in torque ATw is zero, in other
words, the amount of reduction in torque ATw gets close
to zero. Hence, in the present embodiment, by the torque
increase control, a reduction in the wheel transmission
torque Tw caused by a reduction in gear ratio is com-
pletely or substantially completely compensated for by
an increase in the output torque Tmg from the rotating
electrical machine MG.

[0029] Toputitsimply, afirstoutputtorque Tmg1 which
is output torque Tmg from the rotating electrical machine
MG with the drive power transmission path in the auto-
matic transmission 2 being in a first-shift-speed state is
controlled to satisfy the relationship "Tmg1 X G1 = Tr",
by which the wheel transmission torque Tw can be made
identical to the wheels’ required torque Tr when the drive
power transmission path in the automatic transmission
2 is in the first-shift-speed state. In addition, a second
output torque Tmg2 which is output torque Tmg from the
rotating electrical machine MG with the drive power trans-
mission path in the automatic transmission 2 being in a
second-shift-speed state is controlled to satisfy the rela-
tionship "Tmg2 X G2 = Tr", by which the wheel transmis-
sion torque Tw can be made identical to the wheels’ re-
quired torque Tr when the drive power transmission path
in the automatic transmission 2 is in the second-shift-
speed state. Thus, assuming that the wheels’ required
torque Tris constant during upshifting operation, the sec-
ond output torque Tmg2is setaccording to the first output
torque Tmg1 so as to satisfy the relationship "Tmg1 X
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G1 = Tmg2 X G2", by which the wheel transmission
torque Tw can be maintained at the wheels’ required
torque Tr during upshifting operation.

[0030] In view of the above-described respects, in the
present embodiment, the control device 3 sets output
torque Tmg (second output torque Tmg2) from the rotat-
ing electrical machine MG having been increased by
torque increase control to torque based on (Tmg1 X
G1/G2). Here, the control device 3 sets the output torque
Tmg from the rotating electrical machine MG having been
increased by torque increase control to torque identical
or comparable to (Tmg1 X G1/G2). Thus, in the present
embodiment, an amount of increased torque ATmg (=
Tmg2 - Tmg1) of the rotating electrical machine MG re-
sulting from the torque increase control is an amount
identical or comparable to {Tmg1 X (G1 - G2)/G2}. When
the drive power transmission path in the automatic trans-
mission 2 is in a second-shift-speed state, an amount of
increased torque (ATmg X G2) of the wheel transmission
torque Tw based on the amount of increased torque AT-
mg is identical or comparable to the amount of reduction
in torque ATw (= Tmg1 X (G1 - G2)) at a time when the
output torque Tmg from the rotating electrical machine
MG is maintained at the first output torque Tmg1. As
such, inthe presentembodiment, an amount ofincreased
torque ATmg of the rotating electrical machine MG re-
sulting from the torque increase control is set such that
the amount of reduction in torque ATw is zero, by which
the wheel transmission torque Tw can be maintained at
the wheels’ required torque Tr.

[0031] As will be described later, in the present em-
bodiment, the control device 3 performs torque increase
control in a torque phase Pt. Thus, output torque Tmg
(corresponding to the above-described second output
torque Tmg2) from the rotating electrical machine MG
having been increased by torque increase control is
torque based on (T X G1/G2) in which T (corresponding
to the above-described first output torque Tmg1) is re-
quirement-based torque before starting the torque phase
Pt. Here, the output torque Tmg from the rotating elec-
trical machine MG having been increased by torque in-
crease control is torque identical or comparable to (T X
G1/G2). Note that the first gear ratio G1 and the second
gear ratio G2 used here each may be a gear ratio from
the input member 20 to the output member 21 (a ratio of
the rotational speed of the input member 20 to the rota-
tional speed of the output member 21) instead of a gear
ratio from the rotating electrical machine MG to the first
wheels W1.

[0032] As described above, the control device 3 per-
forms, during upshifting operation, torque increase con-
trolin which the output torque Tmg from the rotating elec-
trical machine MG is increased by an amount of in-
creased torque ATmg, and thereby compensates for a
reduction in the wheel transmission torque Tw caused
by a reduction in gear ratio. Hence, in order to appropri-
ately compensate for the reduction in the wheel trans-
mission torque Tw caused by the reduction in gear ratio
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by performing torque increase control, it is required that
the output torque Tmg from the rotating electrical ma-
chine MG be able to be increased by the amount of in-
creased torque ATmg without subject to limitations on
maximum torque Tmax that can be outputted from the
rotating electrical machine MG. In view of this respect,
the control device 3 is configured to perform upshifting
in a state in which an operating point of the rotating elec-
trical machine MG for outputting requirement-based
torque at wheel-based rotational speed falls within an
operable range of the rotating electrical machine MG both
before and after shifting the shift speed by the upshifting,
and in which before shifting the shift speed, the output
torque Tmg from the rotating electrical machine MG is
less than or equal to determination torque T1 which is
torque obtained by subtracting an amount of increased
torque ATmg resulting from torque increase control from
maximum torque Tmax that can be outputted from the
rotating electrical machine MG at the wheel-based rota-
tional speed.

[0033] Namely, the control device 3 is configured to
perform upshifting when the state of the rotating electrical
machine MG satisfies the following two conditions, a first
condition and a second condition. Here, the first condition
is that an operating point of the rotating electrical machine
MG for outputting requirement-based torque at wheel-
based rotational speed falls within an operable range of
the rotating electrical machine MG both before and after
shifting the shift speed by the upshifting, and the second
condition is that before shifting the shift speed, the output
torque Tmg from the rotating electrical machine MG is
less than or equal to the determination torque T1. In other
words, the control device 3 is configured basically not to
perform upshifting in a state in which at least one of the
first condition and the second condition is not satisfied.
A reason why the two conditions are thus set will be de-
scribed below with reference to FIG. 2.

[0034] FIG. 2 is a graph representing a travelable
range at the first shift speed (1st) which is determined
based on the operable range (output characteristic) of
the rotating electrical machine MG and the first gear ratio
G1 and atravelable range at the second shift speed (2nd)
which is determined based on the operable range of the
rotating electrical machine MG and the second gear ratio
G2, with a horizontal axis being wheel speed V and a
vertical axis being wheels’ required torque Tr. The trave-
lable range at the second shift speed (2nd) corresponds
to a range obtained by extending the horizontal axis of
the travelable range at the first shift speed (1st) by a
factor of (G1/G2) and extending the vertical axis of the
travelable range at the first shift speed (1st) by a factor
of (G2/G1). The maximum torque Tmax that can be out-
putted from the rotating electrical machine MG generally
has a tendency to decrease as the rotational speed Nmg
increases, and thus, as shown in FIG. 2, the maximum
value (Tmax X G1) of wheels’ required torque Tr that
can be set at the first shift speed and the maximum value
(Tmax X G2) of wheels’ required torque Tr that can be
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set at the second shift speed also have a tendency to
decrease as the wheel speed V increases.

[0035] As shown in FIG. 2, the travelable range at the
first shift speed (1st) includes a first area A1 that does
not overlap the travelable range at the second shift speed
(2nd); and a third area A3 that overlaps the travelable
range at the second shift speed (2nd). In addition, the
travelable range at the second shift speed (2nd) includes
a second area A2 that does not overlap the travelable
range at the first shift speed (1st); and the above-de-
scribed third area A3. Namely, when an operating point
determined by the wheel speed V and the wheels’ re-
quired torque Tr is included in the third area A3, in both
cases of forming the first shift speed and forming the
second shift speed by the automatic transmission 2, an
operating point of the rotating electrical machine MG de-
termined by wheel-based rotational speed and require-
ment-based torque falls within the operable range of the
rotating electrical machine MG. The above-described
first condition is equal to the fact that an operating point
determined by the wheel speed V and the wheels’ re-
quired torque Tris thus included in the third area A3. By
performing upshifting in a state in which such a first con-
dition is satisfied, the wheel transmission torque Tw can
be made identical or comparable to the wheels’ required
torque Tr not only before but also after shifting the shift
speed by the upshifting.

[0036] As shown in FIG. 3 which will be referred to
later, upshifting operation includes a torque phase Pt
which is a period during which the drive power transmis-
sion path in the automatic transmission 2 shifts from a
first-shift-speed state to a second-shift-speed state, with
the rotational speed Nmg of the rotating electrical ma-
chine MG maintained in a first-shift-speed state; and an
inertia phase Pi which is a period during which the rota-
tional speed Nmg of the rotating electrical machine MG
shifts from the first-shift-speed state to a second-shift-
speed state after the torque phase Pt. The control device
3 performs torque increase control in the torque phase
Pt. Hence, in the torque increase control, there is a need
to increase the output torque Tmg from the rotating elec-
trical machine MG by an amount of increased torque AT-
mg, with the rotational speed Nmg of the rotating electri-
cal machine MG maintained in the first-shift-speed state
(i.e., with the rotational speed Nmg maintained at wheel-
based rotational speed and at the first shift speed).
[0037] In view of this respect, the control device 3 is
configured to perform upshifting on condition that an op-
erating point determined by the wheel speed V and the
wheels’ required torque Tr is included in a hatched area
which is hatched in FIG. 2 in addition to being included
in the third area A3. Note that in an example shown in
FIG. 2, the entire hatched area is included in the third
area A3. Determination torque T1 that determines an up-
per limit (T1 X G1) to the wheels’ required torque Tr in
the hatched area is torque obtained by subtracting an
amount of increased torque ATmg resulting from torque
increase control from maximum torque Tmax that can be
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outputted from the rotating electrical machine MG.
Hence, when an operating point determined by the wheel
speed V and the wheels’ required torque Tr is included
in the hatched area, the output torque Tmg from the ro-
tating electrical machine MG can be increased by at least
the amount of increased torque ATmg, with the rotational
speed Nmg of the rotating electrical machine MG main-
tained in the first-shift-speed state. The above-described
second condition is equal to the fact that an operating
point determined by the wheel speed V and the wheels’
required torque Tr is thus included in the hatched area.
By performing upshifting in a state in which such a second
condition is satisfied in addition to the first condition, in
torque increase control performed during upshifting op-
eration, the output torque Tmg from the rotating electrical
machine MG can be increased by the amount of in-
creased torque ATmg without subject to limitations on
the maximum torque Tmax.

[0038] In a transmission map that is referred to when
the control device 3 determines a target shift speed so
that upshifting is thus performed in a state in which both
the first condition and the second condition are satisfied
(in other words, so that it is determined to perform up-
shifting), a transmission line L for upshifting is defined.
Specifically, as shown in FIG. 2, the transmission line L
(here, a part of the transmission line L) is defined inside
an overlapping area of the third area A3 and the hatched
area. Thus, upshifting performed when an operating point
determined by the wheel speed V and the wheels’ re-
quired torque Tr crosses the transmission line L on the
transmission map can be basically upshifting performed
in a state in which the state of the rotating electrical ma-
chine MG satisfies two conditions, the first condition and
the second condition.

[0039] Note that, as shown in FIG. 2, in the present
embodiment, a part of the transmission line L is defined
in a portion inside the third area A3 and outside the
hatched area. Specifically, the transmission line L is de-
fined such that even when the output torque Tmg from
the rotating electrical machine MG exceeds the determi-
nation torque T1 (i.e., even in a state in which the second
condition is not satisfied), if the wheel speed V has
reached a set threshold value V1 from a low-speed side,
then upshifting is performed. Here, the set threshold val-
ue V1 is set to be less than or equal to a wheel speed
upper limit value Vmax which is wheel speed V based
on an upper rotational speed limit of the rotating electrical
machine MG, with the first shift speed formed by the au-
tomatic transmission 2. In the present embodiment, the
control device 3 is configured not to perform torque in-
crease control in upshifting performed in such a case.
Namely, the control device 3 is configured such thateven
when the output torque Tmg from the rotating electrical
machine MG exceeds the determination torque T1, if the
wheel speed V has reached the set threshold value V1
from the low-speed side, then upshifting is performed
without performing torque increase control. Note that in
view of the fact that vibration transmitted from the first
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wheels W1 or the second wheels W2 by travel of the
vehicle 4 increases as vehicle speed increases and it
becomes difficult for an occupant of the vehicle 4 to sense
a change in vehicle behavior caused by a gear change,
it is preferred that the set threshold value V1 be set to
wheel speed V at which vibration caused by travel of the
vehicle 4 is greater than or equal to vibration caused by
upshifting in which torque increase control is not per-
formed. Note that although FIG. 2 exemplifies a case in
which the set threshold value V1 is set to be less than
the wheel speed upper limit value Vmax, the set threshold
value V1 may be set to be identical to the wheel speed
upper limit value Vmax.

[0040] Next, specific operations of upshifting control
according to the present embodiment will be described
with reference to an example shown in FIG. 3. Here, a
situation is assumed in which output torque increase con-
trol is performed during transmission control of on-up-
shifting which is upshifting performed in a state in which
torque in a forward acceleration direction is transmitted
to the first wheels W1 (i.e., a state in which the output
torque Tmg from the rotating electrical machine MG is a
positive torque). In addition, here, a situation is assumed
in which the wheels’ required torque Tr is maintained at
a constant level during upshifting control.

[0041] In the example shown in FIG. 3, a target shift
speed is changed from the first shift speed to the second
shift speed (i.e., it is determined to perform upshifting) at
a point in time prior to time t1, and a torque phase Pt
starts at time t1. Namely, at time t1, shifting of the drive
power transmission path in the automatic transmission
2 from a first-shift-speed state to a second-shift-speed
state starts. Note that prior to time t1 which is before
shifting the shift speed, the rotating electrical machine
MG is controlled to output requirement-based torque,
with the first shift speed formed by the automatic trans-
mission 2. In the present embodiment, an engaged-side
engagement device which is engaged upon shifting a
shift speed formed by the automatic transmission 2 from
the first shift speed to the second shift speed is a friction
engagement device such as a multiplate wet clutch or a
multiplate wet brake. At a point in time prior to time t1,
control to engage the engaged-side engagement device
starts, and at and after time t1, shifting of the drive power
transmission path in the automatic transmission 2 from
afirst-shift-speed state to a second-shift-speed state pro-
ceeds along with an increase in the engagement pres-
sure of the engaged-side engagement device (an in-
crease in transmission torque capacity).

[0042] As indicated by a broken line in FIG. 3, at and
after time t1, when the output torque Tmg from the rotat-
ing electrical machine MG is maintained at a constant
level, the wheel transmission torque Tw decreases ac-
cording to an increase in torque ratio. Here, the torque
ratio is a ratio of input torque inputted to the automatic
transmission 2 from the input member 20 to output torque
outputted to the output member 21 from the automatic
transmission 2. On the other hand, in the present em-
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bodiment, since torque increase control is performed in
the torque phase Pt, the reduction in the wheel transmis-
sion torque Tw caused by the increase in torque ratio
can be compensated for by an increase in the output
torque Tmg from the rotating electrical machine MG. As
described above, in the present embodiment, since an
amount of increased torque ATmg of the rotating electri-
cal machine MG resulting from torque increase control
is set such that the amount of reduction in torque ATw is
zero, as indicated by a solid line in FIG. 3, the wheel
transmission torque Tw can be maintained at the wheels’
required torque Tr during a period from the start to end
of the torque phase Pt. Note that in the example shown
in FIG. 3, the torque increase control starts at a point in
time when the torque phase Pt starts (time t1 in FIG. 3)
and the torque increase control ends at a point in time
when the torque phase Pt ends (time t2 in FIG. 3). In
addition, in the example shown in FIG. 3, in the torque
increase control, the output torque Tmg from the rotating
electrical machine MG gradually increases such that the
amount of increase in the output torque Tmg from the
rotating electrical machine MG is the amountof increased
torque ATmg at a point in time when the torque increase
control ends (here, at a point of time when the torque
phase Pt ends). Namely, the output torque Tmg from the
rotating electrical machine MG increases in accordance
with the increase in torque ratio.

[0043] When, as shown in FIG. 3, the torque phase Pt
ends at time t2, an inertia phase Pi during which the ro-
tational speed Nmg of the rotating electrical machine MG
shifts from a first-shift-speed state to a second-shift-
speed state starts. In the inertia phase Pi, the rotational
speed Nmg of the rotating electrical machine MG is re-
duced to a point where the rotational speed Nmg of the
rotating electrical machine MG shifts to the second-shift-
speed state by, for example, reducing the output torque
Tmg from the rotating electrical machine MG or increas-
ing the engagement pressure of the engaged-side en-
gagement device. In the example shown in FIG. 3, in the
inertia phase Pi, too, the output torque Tmg from the ro-
tating electrical machine MG is controlled such that the
wheel transmission torque Tw is maintained at the
wheels’ required torque Tr. Namely, the output torque
Tmg from the rotating electrical machine MG is controlled
to suppress an increase in the wheel transmission torque
Tw caused by inertial torque of each part in the rotating
electrical machine MG and the automatic transmission
2. Then, when the rotational speed Nmg of the rotating
electrical machine MG shifts to the second-shift-speed
state attime t3, the shifting of the shift speed by upshifting
is completed, and at and after time t3 which is after shift-
ing the shift speed, the rotating electrical machine MG is
controlled to output requirement-based torque, with the
second shift speed formed by the automatic transmission
2.
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[Second Embodiment]

[0044] A second embodiment of a control device will
be described with reference to drawings (FIGS. 4 to 9).
The following mainly describes differences between the
control device of the present embodiment and the control
device of the first embodiment. Components that are not
specifically stated are the same as those of the first em-
bodiment, and thus are given the same reference signs
and a detailed description thereof is omitted.

[0045] In the present embodiment, as shown in FIG.
4, a plurality of sensors whose detection information can
be obtained by the control device 3 include a fourth sen-
sor 64 in addition to the first sensor 61, the second sensor
62, and the third sensor 63.

[0046] The fourth sensor 64 is a sensor for detecting
an operation of changing the shift speed (shift operation)
by a driver of the vehicle 4, and the control device 3 de-
tects a driver’s shift operation (upshifting operation or
downshifting operation) based on detection information
of the fourth sensor 64. The fourth sensor 64 is, for ex-
ample, provided to detect a driver’s shift operation using
a shift switch (e.g., a paddle switch) provided on a steer-
ing wheel in a driver’s seat of the vehicle 4, or provided
to detect a driver’s shift operation using a shift lever for
selecting a travel range.

[0047] As shown in FIG. 5, a transmission map that is
referred to when the control device 3 determines a target
shift speed defines a transmission line L for upshifting.
When an operating point determined by wheel speed V
and wheels’ required torque Tr crosses the transmission
line L (crosses the transmission line L from a low-speed
side to a high-speed side) on the transmission map, the
target shift speed is changed from the first shift speed to
the second shift speed and upshifting is performed.
Namely, when an operating point determined by the
wheel speed V and the wheels’ required torque Tr cross-
es or is predicted to cross the transmission line L on the
transmission map, the control device 3 determinesto per-
form upshifting. In addition, in the present embodiment,
when a driver’s upshifting operation has been detected,
the target shift speed is changed from the first shift speed
to the second shift speed on condition that upshifting pro-
hibition conditions do not hold true, and upshifting is per-
formed. Namely, when a driver’s upshifting operation has
been detected, the control device 3 determines to per-
form upshifting on condition that upshifting prohibition
conditions do not hold true. Note that the upshifting pro-
hibition conditions are, for example, that the wheel speed
V (or vehicle speed) is less than or equal to a set value,
elapsed time from the start of traveling at the first shift
speed is less than or equal to a set value, and the tem-
perature of hydraulic oil of the automatic transmission 2
is less than or equal to a set value.

[0048] During upshifting operation, the drive power
transmission path in the automatic transmission 2 shifts
from a first-shift-speed state to a second-shift-speed
state. At this time, when the output torque Tmg from the
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rotating electrical machine MG is constant, the wheel
transmission torque Tw decreases due to a reduction in
gear ratio. To put it simply, the amount of reduction in
torque ATw which is the amount of reduction in the wheel
transmission torque Tw can be represented by the prod-
uct of the output torque Tmg from the rotating electrical
machine MG and the amount of reduction in gear ratio
(G1 - G2), as ATw = Tmg X (G1 - G2). Note that the
amount of reduction in torque ATw is the amount of re-
duction in the wheel transmission torque Tw caused by
the reduction in gear ratio, and does not include the
amount of reduction in the wheel transmission torque Tw
caused by performing torque reduction control which will
be described later. To suppress a change in vehicle be-
havior caused by such a reduction in the wheel transmis-
sion torque Tw to a small level, the control device 3 is
configured such that when upshifting is performed, the
control device 3 performs, during operation of the upshift-
ing, torque increase control in which the output torque
Tmg from the rotating electrical machine MG is increased
so as to compensate for the reduction in the wheel trans-
mission torque Tw caused by the reduction in gear ratio.
[0049] In the present embodiment, in torque increase
control, the control device 3 controls the output torque
Tmg from the rotating electrical machine MG such that
the wheel transmission torque Tw is maintained at object
torque. Here, the object torque is identical to the wheels’
required torque Tr when torque reduction control which
will be described later is not performed, and is identical
to subtracted torque Ts when torque reduction control
which will be described later is performed. As shown in
FIG. 7 which will be referred to later, the subtracted torque
Ts is torque obtained by subtracting the amount of re-
duction in the wheel transmission torque Tw resulting
from performing torque reduction control fromthe wheels’
requiredtorque Tr. As will be described later, in the torque
reduction control, the output torque Tmg from the rotating
electrical machine MG is reduced to target torque T2,
and thus, the subtracted torque Ts is wheel transmission
torque Tw based on the target torque T2, with the first
shift speed formed by the automatic transmission 2.
Namely, assuming that the wheels’ required torque Tris
constant during upshifting operation, in torque increase
control, the output torque Tmg from the rotating electrical
machine MG is controlled such that the amount of reduc-
tion in torque ATw is zero, in other words, the amount of
reduction in torque ATw gets close to zero. Hence, in the
present embodiment, by the torque increase control, the
reduction in the wheel transmission torque Tw caused
by the reduction in gear ratio is completely or substantially
completely compensated for by the increase in the output
torque Tmg from the rotating electrical machine MG.

[0050] Toputitsimply, afirstoutputtorque Tmg1 which
is output torque Tmg from the rotating electrical machine
MG with the drive power transmission path in the auto-
matic transmission 2 being in a first-shift-speed state is
controlled to satisfy the relationship "Tmg1 X G1 = Tr",
by which the wheel transmission torque Tw can be made
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identical to the wheels’ required torque Tr when the drive
power transmission path in the automatic transmission
2 is in the first-shift-speed state. In addition, a second
output torque Tmg2 which is output torque Tmg from the
rotating electrical machine MG with the drive power trans-
mission path in the automatic transmission 2 being in a
second-shift-speed state is controlled to satisfy the rela-
tionship "Tmg2 X G2 = Tr", by which the wheel transmis-
sion torque Tw can be made identical to the wheels’ re-
quired torque Tr when the drive power transmission path
in the automatic transmission 2 is in the second-shift-
speed state. Thus, assuming that the wheels’ required
torque Tris constant during upshifting operation, the sec-
ond outputtorque Tmg2 is setaccording to the first output
torque Tmg1 so as to satisfy the relationship "Tmg1 X
G1 = Tmg2 X G2", by which the wheel transmission
torque Tw can be maintained at the wheels’ required
torque Tr during the upshifting operation. When torque
reduction control which will be described later is per-
formed, output torque (second output torque Tmg2) from
the rotating electrical machine MG having been in-
creased by torque increase control is set according to
output torque (first output torque Tmg1) from the rotating
electrical machine MG that has been reduced by the
torque reduction control and that is before increased by
the torque increase control, so as to satisfy the relation-
ship "Tmg1 X G1 = Tmg2 X G2", by which the wheel
transmission torque Tw can be maintained at the sub-
tracted torque Ts during a period during which the torque
increase control is performed.

[0051] In view of the above-described respects, in the
present embodiment, the control device 3 sets output
torque Tmg (second output torque Tmg2) from the rotat-
ing electrical machine MG having been increased by
torque increase control to torque based on (Tmg1 X
G1/G2). Here, the control device 3 sets the output torque
Tmg from the rotating electrical machine MG having been
increased by torque increase control to torque identical
or comparable to (Tmg1 X G1/G2). Thus, in the present
embodiment, an amount of increased torque ATmg (=
Tmg2 - Tmg1) of the rotating electrical machine MG re-
sulting from the torque increase control is an amount
identical or comparable to {Tmg1 X (G1 - G2)/G2}. When
the drive power transmission path in the automatic trans-
mission 2 is in a second-shift-speed state, an amount of
increased torque (ATmg X G2) of the wheel transmission
torque Tw based on the amount of increased torque AT-
mg is identical or comparable to the amount of reduction
in torque ATw (= Tmg1 X (G1 - G2)) at a time when the
output torque Tmg from the rotating electrical machine
MG is maintained at the first output torque Tmg1. As
such, inthe presentembodiment, an amount ofincreased
torque ATmg of the rotating electrical machine MG re-
sulting from the torque increase control is set such that
the amount of reduction in torque ATw is zero, by which
the wheel transmission torque Tw can be maintained at
object torque (the wheels’ required torque Tr or the sub-
tracted torque Ts) during a period during which the torque
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increase control is performed.

[0052] Asdescribedabove, the control device 3 is con-
figured to perform, during upshifting operation, torque
increase control in which the output torque Tmg from the
rotating electrical machine MG is increased by an amount
of increased torque ATmg, so as to compensate for a
reduction in the wheel transmission torque Tw caused
by a reduction in gear ratio. By performing such torque
increase control, a change in vehicle behavior caused
by the reduction in the wheel transmission torque Tw can
be suppressed to a small level during the upshifting op-
eration; however, depending on an operating point of the
rotating electrical machine MG at a point in time when it
is determined to perform upshifting, the output torque
Tmg from the rotating electrical machine MG may not be
able to be sufficiently increased due to limitations on max-
imum torque Tmax that can be outputted from the rotating
electrical machine MG, and there is a possibility that a
change in vehicle behavior sensed by the occupant of
the vehicle 4 increases.

[0053] In view of this respect, the control device 3 is
configured such that when the output torque Tmg from
the rotating electrical machine MG is greater than deter-
mination torque T1 ata pointin time whenitis determined
to perform upshifting, the control device 3 performs, be-
fore starting torque increase control, torque reduction
control in which the output torque Tmg from the rotating
electrical machine MG is gradually reduced to target
torque T2 less than or equal to the determination torque
T1, the determination torque T1 being torque obtained
by subtracting an amount of increased torque ATmg re-
sulting from the torque increase control from maximum
torque Tmax that can be outputted from the rotating elec-
trical machine MG at wheel-based rotational speed. By
this, as will be described below with reference to FIG. 5,
it is possible to suppress a change in vehicle behavior
sensed by the occupant of the vehicle 4 during upshifting
operation toasmall level, regardless of an operating point
of the rotating electrical machine MG at a point in time
when it is determined to perform upshifting. Namely, in
the present embodiment, the control device 3 is config-
ured such that even in a state in which the output torque
Tmg from the rotating electrical machine MG exceeds
the determination torque T1 (i.e., even in a state in which
the above-described second condition is not satisfied) at
apointintime whenitis determined to perform upshifting,
the control device 3 performs upshifting after performing,
before staring torque increase control, torque reduction
control in which the output torque Tmg from the rotating
electrical machine MG is gradually reduced to the target
torque T2 less than or equal to the determination torque
T1 (i.e., after implementing a state in which the second
condition is satisfied).

[0054] FIG.5is, as with FIG. 2 according to the above-
described first embodiment, a graph representing a
travelable range at the first shift speed (1st) which is de-
termined based on the operable range (output charac-
teristic) of the rotating electrical machine MG and the first
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1"

gear ratio G1 and a travelable range at the second shift
speed (2nd) which is determined based on the operable
range of the rotating electrical machine MG and the sec-
ond gear ratio G2, with a horizontal axis being wheel
speed V and a vertical axis being wheels’ required torque
Tr.

[0055] As shown in FIG. 5, when an operating point
(an operating point determined by the wheel speed V and
the wheels’ required torque Tr, the same applies herein-
after) upon crossing the transmission line L is an oper-
ating point included in a hatched area which is hatched
in FIG. 5, as a first operating point 31, the output torque
Tmg from the rotating electrical machine MG can be in-
creased by atleast an amount of increased torque ATmg,
with the rotational speed Nmg of the rotating electrical
machine MG maintained in a first-shift-speed state. Note
that determination torque T1 that determines an upper
limit (T1 X G1) to the wheels’ required torque Tr in the
hatched area is torque obtained by subtracting an
amount of increased torque ATmg resulting from torque
increase control from maximum torque Tmax that can be
outputted from the rotating electrical machine MG at
wheel-based rotational speed and at the first shift speed.
On the other hand, when an operating point upon cross-
ing the transmission line L is an operating point not in-
cluded in the hatched area, as a second operating point
32, the output torque Tmg from the rotating electrical ma-
chine MG cannotbe increased by an amount ofincreased
torque ATmg, with the rotational speed Nmg of the rotat-
ing electrical machine MG maintained in a first-shift-
speed state.

[0056] In view of this respect, the control device 3 is
configured such that when the output torque Tmg from
the rotating electrical machine MG is greater than the
determination torque T1 (e.g., when the operating point
is the second operating point 32) at a point in time when
it is determined to perform upshifting, the control device
3 performs, before starting torque increase control,
torque reduction control in which the output torque Tmg
from the rotating electrical machine MG is gradually re-
duced to target torque T2 less than or equal to the de-
termination torque T1. Namely, the torque increase con-
trol starts in a state in which the output torque Tmg from
the rotating electrical machine MG isreduced to the target
torque T2 (i.e., in a state in which the second condition
is satisfied). By this, not only when the output torque Tmg
from the rotating electrical machine MG is less than or
equal to the determination torque T1 at a point in time
when itis determined to perform upshifting, butalso when
the output torque Tmg from the rotating electrical ma-
chine MG is greater than the determination torque T1 at
the pointin time, in the torque increase control, the output
torque Tmg from the rotating electrical machine MG can
be increased by an amount of increased torque ATmg
without subject to limitations on the maximum torque
Tmax. Note that in the present embodiment, the control
device 3 sets the target torque T2 to be identical to the
determination torque T1. Thus, as shown in FIG. 5, when
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an operating point at a pointin time when it is determined
to perform upshifting (here, an operating point upon
crossing the transmission line L) is the second operating
point 32, the output torque Tmg from the rotating electri-
cal machine MG is reduced to the determination torque
T1.

[0057] AsshowninFIG.5,inthe presentembodiment,
the entire hatched area in which an upper limit to the
wheels’ required torque Tr is determined by torque based
on the determination torque T1 (T1 X G1) is included in
a third area A3. Specifically, in the present embodiment,
since an amount ofincreased torque ATmg resulting from
torque increase control is set such that the amount of
reduction in torque ATw is zero, the hatched area corre-
sponds to an area obtained by extending the vertical axis
of the travelable range at the first shift speed (1st) by a
factor of (G2/G1) while the scale on the horizontal axis
ofthe travelable range at the first shift speed (1st) is main-
tained. Thus, as shown in FIG. 5, in an area with a low
wheel speed V, an upper limit to the hatched area match-
es an upper limit to the third area A3. As such, in the
present embodiment, the entire hatched area is included
in the third area A3, and thus, by reducing the output
torque Tmg from the rotating electrical machine MG to
at least the determination torque T1 in torque reduction
control, regardless of the magnitude of the rotational
speed Nmg of the rotating electrical machine MG at a
point in time when it is determined to perform upshifting
(i.e., regardless of the magnitude of the wheel speed V
at a point in time when it is determined to perform up-
shifting), an operating point of the rotating electrical ma-
chine MG which is determined by wheel-based rotational
speed and requirement-based torque can fall within the
operable range of the rotating electrical machine MG (i.e.,
a state in which the first condition is satisfied can be im-
plemented) even after shifting the shift speed by the up-
shifting. Thus, by reducing the output torque Tmg from
the rotating electrical machine MG to at least the deter-
mination torque T1 in the torque reduction control, torque
equivalent to wheel transmission torque Tw at the start
of torque increase control can be transmitted to the first
wheels W1 even after shifting the shift speed. As such,
even in a state in which the output torque Tmg from the
rotating electrical machine MG exceeds the determina-
tion torque T1 at a point in time when it is determined to
perform upshifting, by performing upshifting after per-
forming torque reduction control, the upshifting can be
performed in a state in which both the first condition and
the second condition are satisfied.

[0058] In the present embodiment, the control device
3 performs upshifting control, following a procedure
shown in FIG. 6. When the control device 3 performs at
least on-upshifting control, the control device 3 performs
upshifting control, following the procedure shown in FIG.
6. Note that the on-upshifting is upshifting performed in
a state in which torque in a forward acceleration direction
is transmitted to the first wheels W1 (i.e., a state in which
the output torque Tmg from the rotating electrical ma-
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chine MG is a positive torque).

[0059] When the control device 3 has determined to
perform upshifting (step #01: Yes), the control device 3
determines whether the output torque Tmg from the ro-
tating electrical machine MG is greater than the determi-
nation torque T1 (step #02). Then, if the output torque
Tmg from the rotating electrical machine MG is greater
than the determination torque T1 (step #02: Yes), the
control device 3 performs torque reduction control (step
#03) and then performs torque phase control (step #04).
Namely, the torque reduction control is performed during
a period from when it is determined to perform upshifting
until a torque phase Pt starts. On the other hand, if the
output torque Tmg from the rotating electrical machine
MG is less than or equal to the determination torque T1
(step #02: No), the control device 3 performs torque
phase control (step #04) without performing torque re-
duction control (step #03). Then, after finishing the torque
phase control (step #04), the control device 3 performs
inertia phase control (step #05). The inertia phase control
is control for shifting the rotational speed Nmg of the ro-
tating electrical machine MG from a first-shift-speed state
to a second-shift-speed state, and when the inertia phase
control is finished, the shifting of the shift speed by the
upshifting is completed.

[0060] Note that the torque phase control at step #04
refers to torque phase control (control for shifting the drive
power transmission path in the automatic transmission
2 from a first-shift-speed state to a second-shift-speed
state) performed during a torque phase Pt period. Thus,
preparation control for starting the torque phase Pt is
performed during a period from when it is determined at
step #01 to perform upshifting until the torque phase con-
trol at step #04 starts. Note that the preparation control
is, for example, control for pre-filling hydraulic oil into a
hydraulic actuating part (a hydraulic servomechanism,
etc.) of an engaged-side engagement device which is
engaged to shift a shift speed formed by the automatic
transmission 2 from the first shift speed to the second
shift speed.

[0061] Next, specific operations of upshifting control
(here, on-upshifting control) according to the presentem-
bodiment will be described with reference to an example
shown in FIG. 7. Here, a situation is assumed in which
the output torque Tmg from the rotating electrical ma-
chine MG is greater than the determination torque T1 at
apointintime whenitis determined to perform upshifting,
and torque reduction control is performed before starting
torque increase control. In addition, here, a situation is
assumed in which the wheels’ required torque Tris main-
tained at a constant level during upshifting control.
[0062] In the example shown in FIG. 7, at time t0 or a
point in time prior to time t0, it is determined to perform
upshifting, and torque reduction control starts at time t0.
Prior to time t0, the rotating electrical machine MG is
controlled to output requirement-based torque. Then,
when torque reduction control starts at time t0, the output
torque Tmg from the rotating electrical machine MG is
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controlled to gradually decrease to target torque T2, and
accordingly, the wheel transmission torque Tw gradually
decreases from the wheels’ required torque Trto the sub-
tracted torque Ts.

[0063] Inthetorquereduction control, the outputtorque
Tmg from the rotating electrical machine MG gradually
decreases such that the output torque Tmg from the ro-
tating electrical machine MG reaches the target torque
T2 attime t1 which is a pointin time when a torque phase
Pt starts (in the present embodiment, the same point in
time as a point in time when torque increase control
starts) or at a point in time prior to time t1. Note that the
point in time when the torque phase Pt starts can be
predicted, for example, based on a time at which prepa-
ration control for starting the torque phase Pt starts and
a preparation time period from the start of the preparation
control until the start of the torque phase Pt which is ob-
tained by experiment, simulation, etc. In the example
shown in FIG. 7, the reduction rate of the output torque
Tmg from the rotating electrical machine MG in the torque
reduction control is set such that the output torque Tmg
from the rotating electrical machine MG reaches the tar-
get torque T2 at a point in time when the torque phase
Pt starts. By this, it is possible to secure a long period
during which the torque reduction control is performed
(in the example shown in FIG. 7, the period from time t0
to time t1) and suppress the reduction rate of the output
torque Tmg from the rotating electrical machine MG to a
smalllevel (i.e., to suppress a change in vehicle behavior
sensed by the occupant of the vehicle 4 during the period
during which the torque reduction control is performed
to a small level). In the example shown in FIG. 7, the
period during which the torque reduction control is per-
formed is secured to be longer than the torque phase Pt
period. Note that in this specification the magnitude of
the reduction rate of the output torque Tmg from the ro-
tating electrical machine MG and the magnitude of the
reduction rate of the wheel transmission torque Tw which
will be described later are absolute values.

[0064] In the example shown in FIG. 7, the torque
phase Pt starts at time t1. Namely, at time t1, shifting of
the drive power transmission path in the automatic trans-
mission 2 from a first-shift-speed state to a second-shift-
speed state starts. In the present embodiment, an en-
gaged-side engagement device which is engaged when
a shift speed formed by the automatic transmission 2
shifts from the first shift speed to the second shift speed
is a friction engagement device such as a multiplate wet
clutch or a multiplate wet brake. At a point in time prior
totimet1, control for engaging the engaged-side engage-
ment device starts, and at and after time t1, shifting of
the drive power transmission path in the automatic trans-
mission 2 from a first-shift-speed state to a second-shift-
speed state proceeds along with an increase in the en-
gagement pressure of the engaged-side engagement
device (an increase in transmission torque capacity).
Namely, by performing the above-described preparation
control at a point in time prior to time t1, at time t1 the
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engaged-side engagement device starts to have torque
capacity. In the present embodiment, torque reduction
control is performed using a period before the engaged-
side engagement device thus starts to have torque ca-
pacity (in the example shown in FIG. 7, a period prior to
time t1).

[0065] As indicated by a broken line in FIG. 7, at and
after time t1, when the output torque Tmg from the rotat-
ing electrical machine MG is maintained at a constant
level, the wheel transmission torque Tw decreases ac-
cording to an increase in torque ratio. Here, the torque
ratio is a ratio of input torque inputted to the automatic
transmission 2 from the input member 20 to output torque
outputted to the output member 21 from the automatic
transmission 2. On the other hand, in the present em-
bodiment, since torque increase control is performed in
the torque phase Pt, the reduction in the wheel transmis-
sion torque Tw caused by the increase in torque ratio
can be compensated for by an increase in the output
torque Tmg from the rotating electrical machine MG. As
described above, in the present embodiment, since an
amount of increased torque ATmg of the rotating electri-
cal machine MG resulting from the torque increase con-
trol is set such that the amount of reduction in torque ATw
is zero, as indicated by a solid line in FIG. 7, the wheel
transmission torque Tw can be maintained at the sub-
tracted torque Ts during a period from the start to end of
the torque phase Pt. Note that when torque reduction
control is not performed, the wheel transmission torque
Tw is maintained at the wheels’ required torque Tr during
a period from the start to end of the torque phase Pt. In
the example shown in FIG. 7, the torque increase control
starts at a point in time when the torque phase Pt starts
(time t1 in FIG. 7) and the torque increase control ends
at a point in time when the torque phase Pt ends (time
t2 in FIG. 7). In addition, in the example shown in FIG.
7, in the torque increase control, the output torque Tmg
from the rotating electrical machine MG gradually in-
creases such that the amount of increase in the output
torque Tmg from the rotating electrical machine MG is
an amount of increased torque ATmg at a point in time
when the torque increase control ends (here, at a point
of time when the torque phase Pt ends). Namely, the
output torque Tmg from the rotating electrical machine
MG increases in accordance with an increase in torque
ratio.

[0066] As shown in FIG. 7, when the torque phase Pt
ends at time t2, an inertia phase Pi during which the ro-
tational speed Nmg of the rotating electrical machine MG
shifts from a first-shift-speed state to a second-shift-
speed state starts. In the inertia phase Pi, the rotational
speed Nmg of the rotating electrical machine MG is re-
duced to a point where the rotational speed Nmg of the
rotating electrical machine MG shifts to the second-shift-
speed state by, for example, reducing the output torque
Tmg from the rotating electrical machine MG or increas-
ing the engagement pressure of the engaged-side en-
gagement device. In the example shown in FIG. 7, in the
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inertia phase Pi, the output torque Tmg from the rotating
electrical machine MG is controlled such that the wheel
transmission torque Tw gradually increases to the
wheels’ required torque Tr. Namely, the output torque
Tmg from the rotating electrical machine MG is controlled
such that the wheel transmission torque Tw gradually
increases to the wheels’ required torque Tr while sup-
pressing a sudden increase in the wheel transmission
torque Tw caused by inertial torque of each part in the
rotating electrical machine MG and the automatic trans-
mission 2. Then, when the rotational speed Nmg of the
rotating electrical machine MG shifts to the second-shift-
speed state at time t3, the shifting of the shift speed by
upshifting is completed, and at and after time t3 which is
after shifting the shift speed, the rotating electrical ma-
chine MG is controlled to output requirement-based
torque, with the second shift speed formed by the auto-
matic transmission 2. Note that although here a case is
exemplified in which the wheel transmission torque Tw
reaches the wheels’ required torque Tr at a point in time
when the inertia phase Pi ends, the output torque Tmg
from the rotating electrical machine MG may be control-
led such that the wheel transmission torque Tw reaches
the wheels’ required torque Tr before the inertia phase
Pi ends. Note also that the output torque Tmg from the
rotating electrical machine MG may be controlled such
that the wheel transmission torque Tw reaches the
wheels’ required torque Tr after the inertia phase Pi ends.
In this case, the output torque Tmg from the rotating elec-
trical machine MG may be controlled such that the wheel
transmission torque Tw is maintained at the subtracted
torque Ts in the inertia phase Pi and an increase in the
wheel transmission torque Tw starts after the inertia
phase Pi ends.

[0067] As shown in FIG. 7, the reduction rate of the
output torque Tmg from the rotating electrical machine
MG in the torque reduction control is set such that the
reduction rate of the wheel transmission torque Tw as-
sociated with the reduction in the output torque Tmg from
the rotating electrical machine MG is smaller than the
reduction rate of the wheel transmission torque Tw in the
torque phase Pt at a time when torque increase control
is not performed (see a broken line in FIG. 7). Note that
the reduction rate of the output torque Tmg from the ro-
tating electrical machine MG in the torque reduction con-
trol may be constant over the entire period during which
the torque reduction control is performed as indicated by
a broken line in FIG. 8, but may change according to
elapsed time from the start of the torque reduction control
as indicated by a solid line in FIG. 8.

[0068] In an example shown in FIG. 8, the reduction
rates of the output torque Tmg from the rotating electrical
machine MG in a start period P1 and an end period P3
of a period during which the torque reduction control is
performed are smaller than the reduction rate of the out-
put torque Tmg from the rotating electrical machine MG
in a middle period P2 between the start period P1 and
the end period P3 of the period during which the torque
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reduction control is performed. Note that a comparison
between the reduction rates of the output torque Tmg
from the rotating electrical machine MG in the respective
periods, the start period P1, the middle period P2, and
the end period P3, may be made using, for example, the
average values of the reduction rates in the respective
periods. By thus setting the reduction rates of the output
torque Tmg from the rotating electrical machine MG in
the torque reduction control, a change in the output
torque Tmg from the rotating electrical machine MG as-
sociated with performance of the torque reduction control
is smoothed, by which a change in vehicle behavior
sensed by the occupant of the vehicle 4 can be sup-
pressed to a smaller level. In the example shown in FIG.
8, in the start period P1 the reduction rate (the reduction
rate of the output torque Tmg from the rotating electrical
machine MG, the same applies hereinafter) increases
with the passage of time, in the middle period P2 the
reduction rate is maintained at a constant level, and in
the end period P3 the reduction rate decreases with the
passage of time. Note that the configuration may be such
thatin the middle period P2, too, the reduction rate chang-
es with the passage of time. Specifically, a configuration
can be adopted in which the reduction rate increases with
the passage of time in a first-half portion of the middle
period P2, and the reduction rate decreases with the pas-
sage of time in a second-half portion of the middle period
P2.

[Other Embodiments]

[0069] Next, otherembodiments of a control device will
be described.

(1) The above-described first embodiment de-
scribes, as an example, a configuration in which
even when the output torque Tmg from the rotating
electrical machine MG exceeds the determination
torque T1, if the wheel speed V has reached the set
threshold value V1 from the low-speed side, then the
control device 3 performs upshifting without perform-
ing torque increase control. However, the configura-
tion is not limited thereto, and a configuration can
also be adopted in which even in upshifting per-
formed in such a case, the control device 3 performs
torque increase control to increase the output torque
Tmg from the rotating electrical machine MG as
much as possible (increase the output torque Tmg
to the maximum torque Tmax). The amount of in-
crease in the output torque Tmg from the rotating
electrical machine MG in this case has a smaller val-
ue than a set amount of increased torque ATmg (in
the above-described first embodiment, an amount
of increased torque for bringing the amount of reduc-
tion in torque ATw to zero).

(2) The above-described first embodiment de-
scribes, as an example, a configuration in which in
torque increase control, the control device 3 controls
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the output torque Tmg from the rotating electrical
machine MG such that the wheel transmission
torque Tw is maintained at the wheels’ required
torque Tr during upshifting operation. However, the
configuration is not limited thereto, and a configura-
tion can also be adopted in which an amount of in-
creased torque ATmg of the rotating electrical ma-
chine MG resulting from torque increase control is
set to be smaller than the value of the above-de-
scribed first embodiment, and although the wheel
transmission torque Tw is reduced from the wheels’
required torque Tr during upshifting operation (spe-
cifically, in a torque phase Pt period), the amount of
reduction in the wheel transmission torque Tw from
the wheels’ required torque Tr is suppressed to a
small level by performing torque increase control.

(3) The above-described second embodiment de-
scribes, as an example, a configuration in which the
control device 3 sets the target torque T2 to be iden-
tical to the determination torque T1. However, the
configuration is not limited thereto, and a configura-
tion can also be adopted in which the control device
3 sets the target torque T2 to be less than the deter-
mination torque T1. In a case of such a configuration,
a configuration can also be adopted in which the con-
trol device 3 sets the target torque T2 to be less than
the determination torque T1 when a determination
condition is satisfied. For example, a configuration
can be adopted in which when the determination
torque T1 is greater than allowable torque T3 which
is torque represented by (T X G2/G1) in which T is
maximum torque Tmax that can be outputted from
the rotating electrical machine MG at wheel-based
rotational speed after shifting the shift speed by up-
shifting, G1 is the gear ratio at the first shift speed,
and G2 is the gear ratio at the second shift speed,
the control device 3 sets the target torque T2 to be
less than or equal to the allowable torque T3 (i.e.,
less than the determination torque T1). A specific
example of such a configuration is shown in FIG. 9.

[0070] In the example shown in FIG. 9, an amount of
increased torque ATmg of the rotating electrical machine
MG resulting from torque increase control is set to be
smaller than the value of the above-described second
embodiment. Hence, in the example shown in FIG. 9, a
hatched area in which an upper limit to the wheels’ re-
quired torque Tr is determined by torque based on the
determination torque T1 (T1 X G1) is extended toward
a side on which the wheels’ required torque Tr increases,
compared to the hatched area of the above-described
second embodiment (see FIG. 5). As a result, in the
above-described second embodiment, the determination
torque T1 is less than or equal to the allowable torque
T3 regardless of the magnitude of the wheel speed V,
whereas in the example shown in FIG. 9, the determina-
tion torque T1 is greater than the allowable torque T3 in
an area in which the wheel speed V is less than a wheel

10

15

20

25

30

35

40

45

50

55

15

speed threshold value V2.

[0071] In such a case, a configuration can be adopted
in which when the determination torque T1 is less than
or equal to the allowable torque T3 in a case in which the
output torque Tmg from the rotating electrical machine
MG is greater than the determination torque T1 at a point
in time when it is determined to perform upshifting, the
control device 3 sets the target torque T2 to be less than
or equal to the determination torque T1 (e.g., sets the
target torque T2 to be identical to the determination
torque T1), and when the determination torque T1 is
greater than the allowable torque T3, the control device
3 sets the target torque T2 to be less than or equal to the
allowable torque T3 (e.g., sets the target torque T2 to be
identical to the allowable torque T3). In this case, when
an operating point (an operating point determined by the
wheel speed V and the wheels’ required torque Tr, the
same applies hereinafter) at a point in time when it is
determined to perform upshifting is an operating point in
which the wheel speed V is greater than or equal to the
wheel speed threshold value V2 and whichis notincluded
in the hatched area, as a third operating point 33 shown
in FIG. 9, the output torque Tmg from the rotating elec-
trical machine MG is reduced to less than or equal to the
determination torque T1 (in the example shown in FIG.
9, to the determination torque T1). In addition, when an
operating point at a point in time when it is determined
to perform upshifting is an operating point in which the
wheel speed V is less than the wheel speed threshold
value V2 and which is not included in the hatched area,
as a fourth operating point 34 shown in FIG. 9, the output
torque Tmg from the rotating electrical machine MG is
reduced to less than or equal to the allowable torque T3
(in the example shown in FIG. 9, to the allowable torque
T3). By such a configuration, as in the above-described
second embodiment, regardless of the magnitude of the
rotational speed Nmg of the rotating electrical machine
MG at a point in time when it is determined to perform
upshifting (i.e., regardless of the magnitude of the wheel
speedV atapointintime whenitis determined to perform
upshifting), an operating point of the rotating electrical
machine MG determined by wheel-based rotational
speed and requirement-based torque can fall within an
operable range of the rotating electrical machine MG
even after shifting the shift speed by the upshifting.
[0072] (4) The above-described second embodiment
describes, as an example, a configuration in which in
torque increase control, the control device 3 controls the
output torque Tmg from the rotating electrical machine
MG such that the wheel transmission torque Tw is main-
tained at object torque (the wheels’ required torque Tr or
the subtracted torque Ts). However, the configuration is
not limited thereto, and a configuration can also be adopt-
ed in which an amount of increased torque ATmg of the
rotating electrical machine MG resulting from torque in-
crease control is set to be smaller than the value of the
above-described second embodiment, and although the
wheel transmission torque Tw is reduced from the object
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torque in a torque phase Pt period, the amount of reduc-
tion in the wheel transmission torque Tw from the object
torque is suppressed to a small level by performing torque
increase control.

[0073] (5) The above-described first and second em-
bodiments describe, as an example, a configuration in
which the vehicle drive device 1 does not include any
other drive power source for the first wheels W1 than the
rotating electrical machine MG, and does not include a
drive power source for the second wheels W2, either.
However, the configuration is not limited thereto, and it
is also possible to adopt a configuration in which the ve-
hicle drive device 1 includes a drive power source (e.g.,
an internal combustion engine) for the first wheels W1
separately from the rotating electrical machine MG, or a
configuration in which the vehicle drive device 1 includes
a drive power source (e.g., a rotating electrical machine
or an internal combustion engine) for the second wheels
W2. In a case of such configurations, a configuration can
be adopted in which the control device 3 performs the
above-described torque increase control not only during
performance of an electric travel mode in which the ve-
hicle 4 travels using only the output torque Tmg from the
rotating electricalmachine MG, but alsoin a state in which
the vehicle 4 travels by transmitting both the outputtorque
Tmg from the rotating electrical machine MG and output
torque from another drive power source to wheels (only
the first wheels W1 or both the first wheels W1 and the
second wheels W2).

[0074] (6) The above-described first and second em-
bodiments describe, as an example, a configuration in
which the power transmission path is provided so as to
connect the rotating electrical machine MG to the two left
and right first wheels W1. However, the configuration is
not limited thereto, and for example, a configuration can
also be adopted in which a power transmission path is
provided so as to connect the rotating electrical machine
MG to one first wheel W1. In this case, a configuration
can be adopted in which at least a part of the case of the
rotating electrical machine MG is disposed in space on
a radial inner side of the first wheel W1 (i.e., a configu-
ration in which the rotating electrical machine MG is an
in-wheel type rotating electrical machine).

[0075] (7) Note that a configuration disclosed in each
ofthe above-described embodiments can also be applied
in combination with a configuration disclosed in another
embodiment (including a combination of embodiments
described as other embodiments) as long as a contra-
diction does not arise. For other configurations, too, the
embodiments disclosed in this specification are in all re-
spects merely illustrative. Thus, various modifications
can be made therein as appropriate without departing
from the true spirit and scope of the present disclosure.

[Summary of the Above-Described Embodiments]

[0076] A summary of the control devices described
above will be described below.
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[0077] In a control device (3) whose control target is a
vehicle drive device (1) having an automatic transmission
(2) provided in a power transmission path that connects
a rotating electrical machine (MG) to a wheel (W), the
control device (3) is configured such that when the control
device (3) performs upshifting, the control device (3) per-
forms, during operation of the upshifting, torque increase
control in which output torque (Tmg) from the rotating
electrical machine (MG) is increased so as to compen-
sate for a reduction in wheel transmission torque (Tw)
caused by a reduction in gear ratio, the upshifting being
shifting of a shift speed formed by the automatic trans-
mission (2) from a first shift speed to a second shift speed
having a smaller gear ratio than the first shift speed, and
the wheel transmission torque (Tw) being torque trans-
mitted from the rotating electrical machine (MG) to the
wheel (W) through the automatic transmission (2), and
the upshifting is performed in a state in which an operat-
ing point of the rotating electrical machine (MG) for out-
putting requirement-based torque at wheel-based rota-
tional speed falls within an operable range of the rotating
electrical machine (MG) both before and after shifting the
shift speed by the upshifting, and in which before shifting
the shift speed, output torque (Tmg) from the rotating
electrical machine (MG) is less than or equal to determi-
nation torque (T1), the wheel-based rotational speed be-
ing rotational speed (Nmg) of the rotating electrical ma-
chine (MG) based on rotational speed (V) of the wheel
(W), the requirement-based torque being output torque
(Tmg) from the rotating electrical machine (MG) based
on the required wheel transmission torque (Tw), and the
determination torque (T1) being torque obtained by sub-
tracting an amount of increased torque (ATmg) resulting
from the torque increase control from maximum torque
(Tmax) that can be outputted from the rotating electrical
machine (MG) at the wheel-based rotational speed.

[0078] According to this configuration, by performing
torque increase control during upshifting operation, a re-
duction in the wheel transmission torque (Tw) caused by
a reduction in gear ratio can be compensated for by an
increase in the output torque (Tmg) from the rotating elec-
trical machine (MG). In the above-described configura-
tion, the state of the rotating electrical machine (MG) up-
on performing upshifting is a state in which the following
two conditions, a first condition and a second condition,
are satisfied. Here, the first condition is that an operating
point of the rotating electrical machine (MG) for outputting
requirement-based torque at wheel-based rotational
speed falls within an operable range of the rotating elec-
trical machine (MG) both before and after shifting the
shift speed by the upshifting, and the second condition
is that before shifting the shift speed, the output torque
(Tmg) from the rotating electrical machine (MG) is in a
state of being less than or equal to determination torque
(T1) which is torque obtained by subtracting an amount
of increased torque (ATmg) resulting from the torque in-
crease control from maximum torque (Tmax) that can be
outputted from the rotating electrical machine (MG) at
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wheel-based rotational speed. As such, by the state of
the rotating electrical machine (MG) upon performing up-
shifting being a state in which the second condition is
satisfied in addition to the first condition, in torque in-
crease control performed during upshifting operation, the
output torque (Tmg) from the rotating electrical machine
(MG) can be increased by the amount of increased torque
(ATmg) without subject to limitations on the maximum
torque (Tmax). As a result, upon performing upshifting,
a reduction in wheel transmission torque (Tw) caused by
a reduction in gear ratio can be appropriately compen-
sated for by an increase in output torque (Tmg) from the
rotating electrical machine (MG).

[0079] Here, it is preferred that the upshifting not be
performed in a state in which at least one of a first con-
dition and a second condition is not satisfied, the first
condition being that an operating point of the rotating
electrical machine (MG) for outputting the requirement-
based torque at the wheel-based rotational speed falls
within an operable range of the rotating electrical ma-
chine (MG) both before and after shifting the shift speed
by the upshifting, and the second condition being that
before shifting the shift speed, output torque (Tmg) from
the rotating electrical machine (MG) is less than or equal
to the determination torque (T1).

[0080] When upshiftingis performed in a state in which
the first condition is not satisfied, for example, torque
equivalentto wheel transmission torque (Tw) before shift-
ing the shift speed may not be able to be transmitted to
the wheel (W1) after shifting the shift speed, and there
is a possibility that a change in vehicle behavior sensed
by an occupant of a vehicle (4) increases. In addition,
when upshifting is performed in a state in which the sec-
ond condition is not satisfied, in torque increase control
performed during upshifting operation, output torque
(Tmg) from the rotating electrical machine (MG) may not
be able to be sufficiently increased due to limitations on
the maximum torque, and there is a possibility that a
change in vehicle behavior sensed by the occupant of
the vehicle (4) increases. In the above-described config-
uration, since upshifting is not performed in a state in
which the first condition is not satisfied or in a state in
which the second condition is not satisfied, it becomes
easy to avoid the occupant of the vehicle (4) from sensing
a great change in vehicle behavior.

[0081] Inaddition, itis preferred thateven when output
torque (Tmg) from the rotating electrical machine (MG)
exceeds the determination torque (T1), if rotational speed
(V) of the wheel (W) has reached a set threshold value
(VI) from a low-speed side, then the upshifting be per-
formed without performing the torque increase control,
and the set threshold value (VI) be set to be less than or
equal to a wheel speed upper limit value (Vmax), the
wheel speed upper limit value (Vmax) being rotational
speed (V) of the wheel (W) based on an upper rotational
speed limit of the rotating electrical machine (MG), with
the first shift speed formed by the automatic transmission

).
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[0082] According to this configuration, the configura-
tion can be such that upshifting from the first shift speed
to the second shift speed is performed before the rota-
tional speed (Nmg) of the rotating electrical machine
(MG) exceeds the upper rotational speed limit of the ro-
tating electrical machine (MG) with the first shift speed
formed by the automatic transmission (2). Thus, ina con-
figuration in which, as described above, the state of the
rotating electrical machine (MG) upon performing up-
shifting is a state in which the second condition is satisfied
in addition to the first condition, too, the configuration can
be such that upshifting is performed before the rotational
speed (Nmg) of the rotating electrical machine (MG) gets
too high.

[0083] Ina configuration in which, as described above,
the set threshold value (V1) is set to be less than or equal
to the wheel speed upper limit value (Vmax), it is pre-
ferred that the set threshold value (V1) be set to rotational
speed (V) of the wheel (W) at which vibration caused by
travel of a vehicle (4) on which the vehicle drive device
(1)is mounted is greater than or equal to vibration caused
by the upshifting in which the torque increase control is
not performed.

[0084] According to this configuration, when upshifting
is performed without performing torque increase control
because the rotational speed (V) of the wheel (W) has
reached the set threshold value (VI) from the low-speed
side, a change in vehicle behavior caused by a reduction
in wheel transmission torque can be blended into vibra-
tion caused by travel of the vehicle (4). Thus, even in a
configuration in which upshifting is performed without
performing torque increase control when the rotational
speed (V) of the wheel (W) has reached the set threshold
value (VI) from the low-speed side, it is possible to make
it difficult for the occupant of the vehicle (4) such as a
driver to sense a change in vehicle behavior caused by
the upshifting.

[0085] In the control device (3) having the above-de-
scribed configurations, it is preferred that in the torque
increase control, output torque (Tmg) from the rotating
electrical machine (MG) be controlled such that the wheel
transmission torque (Tw) is maintained at required torque
(Tr) during the operation of the upshifting.

[0086] According to this configuration, since the wheel
transmission torque (Tw) can be maintained at required
torque (Tr) while torque increase control is performed, a
change in vehicle behavior caused by the wheel trans-
mission torque (Tw) changing from the required torque
(Tr) can be suppressed to a small level.

[0087] Ina configuration in which, as described above,
in the torque increase control, output torque (Tmg) from
the rotating electrical machine (MG) is controlled such
that the wheel transmission torque (Tw) is maintained at
required torque (Tr) during the operation of the upshifting,
it is preferred that the operation of the upshifting include
atorque phase (Pt) which is a period during which a drive
power transmission path in the automatic transmission
(2) shifts from a state of the first shift speed to a state of
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the second shift speed, with rotational speed (Nmg) of
the rotating electrical machine (MG) maintained in a state
of the first shift speed; and an inertia phase (Pi) which is
a period during which rotational speed (Nmg) of the ro-
tating electrical machine (MG) shifts from the state of the
first shift speed to a state of the second shift speed after
the torque phase (Pt), the torque increase control be per-
formed in the torque phase (Pt), and output torque (Tmg)
from the rotating electrical machine (MG) having been
increased by the torque increase control be torque based
on (T X G1/G2) in which T is the requirement-based
torque before starting the torque phase (Pt), G1is agear
ratio of the first shift speed, and G2 is a gear ratio of the
second shift speed.

[0088] According to this configuration, output torque
(Tmg) from the rotating electrical machine (MG) having
been increased by torque increase control can be set
such that the amount of reduction (ATw) in the wheel
transmission torque (Tw) caused by a reduction in gear
ratio is zero or has a value close to zero. Thus, a config-
uration in which, as described above, in torque increase
control, the output torque (Tmg) from the rotating elec-
trical machine (MG) is controlled such that the wheel
transmission torque (Tw) is maintained at required torque
can be appropriately implemented.

[0089] In addition, it is preferred that even in a state in
which outputtorque (Tmg) from the rotating electrical ma-
chine (MG) exceeds the determination torque (T1) at a
pointin time when it is determined to perform the upshift-
ing, torque reduction control in which the output torque
(Tmg) from the rotating electrical machine (MG) is grad-
ually reduced to target torque (T2) less than or equal to
the determination torque (T1) be performed before start-
ing the torque increase control, and then the upshifting
be performed.

[0090] Inthe above-described configuration, when the
output torque (Tmg) from the rotating electrical machine
(MG) is greater than the determination torque (T1) at a
point in time when it is determined to perform upshifting,
torque reduction control is performed before starting
torque increase control, by which the output torque (Tmg)
from the rotating electrical machine (MG) is reduced to
the target torque (T2) less than or equal to the determi-
nation torque (T1). Thus, not only when the output torque
(Tmg) from the rotating electrical machine (MG) is less
than or equal to the determination torque (T1) at a point
in time when it is determined to perform upshifting, but
also when the output torque (Tmg) from the rotating elec-
trical machine (MG) is greater than the determination
torque (T1) atthe pointin time, in torque increase control,
the output torque (Tmg) from the rotating electrical ma-
chine (MG) can be increased by an amount of increased
torque (ATmg) without subject to limitations on the max-
imum torque (Tmax), and a change in vehicle behavior
sensed by the occupant of the vehicle (4) can be sup-
pressed to a small level. Namely, even in a state in which
the output torque (Tmg) from the rotating electrical ma-
chine (MG) exceeds the determination torque (T1) at a
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point in time when it is determined to perform upshifting,
by performing torque reduction control before starting
torque increase control and then performing upshifting,
upon performing the upshifting, a reduction in the wheel
transmission torque (Tw) caused by a reduction in gear
ratio can be appropriately compensated for by an in-
crease in the output torque (Tmg) from the rotating elec-
trical machine (MG).

[0091] Note thatin torque reduction control performed
when the output torque (Tmg) from the rotating electrical
machine (MG) is greater than the determination torque
(T1), the output torque (Tmg) from the rotating electrical
machine (MG) is gradually reduced to the target torque
(T2). Thus, compared to a case in which the outputtorque
(Tmg) from the rotating electrical machine (MG) is re-
duced to the target torque (T2) in a stepwise manner in
torque reduction control, the output torque (Tmg) from
the rotating electrical machine (MG) can be reduced to
the target torque (T2) while suppressing a change in ve-
hicle behavior sensed by the occupant of the vehicle (4)
to a small level. Namely, during upshifting operation, not
only in a period during which torque increase control is
performed but also in a period during which torque re-
duction control is performed, a change in vehicle behav-
ior sensed by the occupant of the vehicle (4) can be sup-
pressed to a small level.

[0092] As described above, according to the above-
described configuration, it becomes possible to suppress
a change in vehicle behavior sensed by the occupant of
the vehicle (4) during upshifting operation to a small level,
regardless of an operating point of the rotating electrical
machine (MG) at a point in time when it is determined to
perform upshifting.

[0093] Here, it is preferred that the target torque (T2)
be set to be identical to the determination torque (T1).
[0094] According to this configuration, compared to a
case in which the target torque (T2) is set to be less than
the determination torque (T1), the amount of reduction
in output torque (Tmg) from the rotating electrical ma-
chine (MG) in torque reduction control can be suppressed
to a small level. Thus, a change in vehicle behavior can
be easily suppressed to a small level in a period during
which the torque reduction control is performed, and the
amount of reduction in wheel transmission torque (Tw)
relative to required torque (Tr) caused by performing the
torque reduction control can also be suppressed to a min-
imum.

[0095] Alternatively, itis preferred that when the deter-
mination torque (T1) is greater than allowable torque
(T3), the target torque (T2) be set to be less than or equal
to the allowable torque (T3), the allowable torque (T3)
being torque represented by (T X G2/G1) in which T is
maximum torque (Tmax) that can be outputted from the
rotating electrical machine (MG) at the wheel-based ro-
tational speed after shifting the shift speed by the upshift-
ing, G1 is a gear ratio of the first shift speed, and G2 is
a gear ratio of the second shift speed.

[0096] According to this configuration, in a situation in



35 EP 3 789 233 A1 36

which the determination torque (T1) is greater than the
allowable torque (T3), by setting the target torque (T2)
to be less than or equal to the allowable torque (T3),
torque equivalent to wheel transmission torque (Tw) at
the start of torque increase control can be transmitted to
the wheel (W1) even after shifting the shift speed. Thus,
in a situation in which the determination torque (T1) is
greater than the allowable torque (T3), too, a change in
the wheel transmission torque (Tr) during upshifting op-
eration is suppressed to a small level, making it possible
to suppress a change in vehicle behavior sensed by the
occupant of the vehicle (4) to a small level.

[0097] In the control device (3) having the above-de-
scribed configurations, it is preferred that the operation
of the upshifting include a torque phase (Pt) which is a
period during which a drive power transmission path in
the automatic transmission (2) shifts from a state of the
first shift speed to a state of the second shift speed, with
rotational speed (Nmg) of the rotating electrical machine
(MG) maintained in a state of the first shift speed; and
an inertia phase (Pi) which is a period during which ro-
tational speed (Nmg) of the rotating electrical machine
(MG) shifts from the state of the first shift speed to a state
of the second shift speed after the torque phase (Pt), the
torque increase control be performed in the torque phase
(Pt), and the torque reduction control be performed dur-
ing a period from when it is determined to perform the
upshifting until the torque phase (Pt) starts.

[0098] According to this configuration, torque reduc-
tion control can be performed using a period from when
it is determined to perform upshifting until the torque
phase (Pt) starts, as a period before an engaged-side
engagement device which is engaged to shift the shift
speed starts to have torque capacity. Thus, a reduction
in transmission responsiveness caused by performing
the torque reduction control can be suppressed.

[0099] In addition, it is preferred that in the torque re-
duction control, reduction rates of output torque (Tmg)
from the rotating electrical machine (MG) in a start period
(P1) and an end period (P3) of a period during which the
torque reduction control is performed be smaller than a
reduction rate of output torque (Tmg) from the rotating
electrical machine (MG) in a middle period (P2) between
the start period (P1) and the end period (P3) of the period
during which the torque reduction control is performed.
[0100] According to this configuration, compared to a
case in which the reduction rate of output torque (Tmg)
from the rotating electrical machine (MG)is constant over
the entire period during which torque reduction control is
performed, a change in output torque (Tmg) from the
rotating electrical machine (MG) associated with per-
formance of torque reduction control can be smoothed.
Thus, a change in vehicle behavior sensed by the occu-
pant of the vehicle (4) can be suppressed to a smaller
level.

[0101] Itis sufficient that the control device according
to the present disclosure be able to provide at least one
of the above-described advantageous effects.
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REFERENCE SIGNS LIST

[0102] 1: Vehicle drive device, 2: Automatic transmis-
sion, 3: Control device, 4: Vehicle, MG: Rotating electrical
machine, Nmg: Rotational speed of the rotating electrical
machine, P1: Start period, P2: Middle period, P3: End
period, Pi: Inertia phase, Pt: Torque phase, T1: Determi-
nation torque, T2: Target torque, T3: Allowable torque,
Tmax: Maximum torque, Tmg: Output torque from the
rotating electrical machine, Tw: Wheel transmission
torque, V: Wheel speed (rotational speed of wheels), VI:
Set threshold value, Vmax: Wheel speed upper limit val-
ue, W1: First wheel (wheel), and ATmg: Amount of in-
creased torque

Claims

1. A control device whose control target is a vehicle
drive device having an automatic transmission pro-
vided in a power transmission path that connects a
rotating electrical machine to a wheel,
wherein
the control device is configured such that when the
control device performs upshifting, the control device
performs, during operation of the upshifting, torque
increase control in which output torque from the ro-
tating electrical machine is increased so as to com-
pensate for a reduction in wheel transmission torque
caused by a reduction in gear ratio, the upshifting
being shifting of a shift speed formed by the auto-
matic transmission from a first shift speed to a sec-
ond shift speed having a smaller gear ratio than the
first shift speed, and the wheel transmission torque
being torque transmitted from the rotating electrical
machine to the wheel through the automatic trans-
mission, and
the upshifting is performed in a state in which an
operating point of the rotating electrical machine for
outputting requirement-based torque at wheel-
based rotational speed falls within an operable range
of the rotating electrical machine both before and
after shifting the shift speed by the upshifting, and in
which before shifting the shift speed, output torque
from the rotating electrical machine is less than or
equal to determination torque, the wheel-based ro-
tational speed being rotational speed of the rotating
electrical machine based on rotational speed of the
wheel, the requirement-based torque being output
torque from the rotating electrical machine based on
the required wheel transmission torque, and the de-
termination torque being torque obtained by sub-
tracting an amount of increased torque resulting from
the torque increase control from maximum torque
that can be outputted from the rotating electrical ma-
chine at the wheel-based rotational speed.

2. The control device according to claim 1, wherein the
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upshifting is not performed in a state in which at least
one of a first condition and a second condition is not
satisfied, the first condition being that an operating
point of the rotating electrical machine for outputting
the requirement-based torque at the wheel-based
rotational speed falls within an operable range of the
rotating electrical machine both before and after
shifting the shift speed by the upshifting, and the sec-
ond condition being that before shifting the shift
speed, output torque from the rotating electrical ma-
chine is less than or equal to the determination
torque.

The control device according to claim 1, wherein
even when output torque from the rotating electrical
machine exceeds the determination torque, if rota-
tional speed of the wheel has reached a set threshold
value from a low-speed side, then the upshifting is
performed without performing the torque increase
control, and

the set threshold value is set to be less than or equal
to a wheel speed upper limit value, the wheel speed
upper limit value being rotational speed of the wheel
based on an upper rotational speed limit of the ro-
tating electrical machine, with the first shift speed
formed by the automatic transmission.

The control device according to claim 3, wherein the
set threshold value is set to rotational speed of the
wheel at which vibration caused by travel of a vehicle
onwhich the vehicle drive device is mounted is great-
er than or equal to vibration caused by the upshifting
in which the torque increase control is not performed.

The control device according to any one of claims 1
to 4, wherein in the torque increase control, output
torque from the rotating electrical machine is con-
trolled such that the wheel transmission torque is
maintained at required torque during the operation
of the upshifting.

The control device according to claim 5, wherein
the operation of the upshifting includes a torque
phase and an inertia phase, the torque phase being
a period during which a drive power transmission
path in the automatic transmission shifts from a state
of the first shift speed to a state of the second shift
speed, with rotational speed of the rotating electrical
machine maintained in a state of the first shift speed,
and the inertia phase being a period during which
rotational speed of the rotating electrical machine
shifts from the state of the first shift speed to a state
of the second shift speed after the torque phase,
the torque increase control is performed in the torque
phase, and

output torque from the rotating electrical machine
having beenincreased by the torque increase control
is torque based on (T X G1/G2) in which T is the
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requirement-based torque before starting the torque
phase, G1 is a gear ratio of the first shift speed, and
G2 is a gear ratio of the second shift speed.

The control device according to claim 1, wherein
even in a state in which output torque from the ro-
tating electrical machine exceeds the determination
torque at a point in time when it is determined to
perform the upshifting, torque reduction control in
which the output torque from the rotating electrical
machine is gradually reduced to target torque less
than or equal to the determination torque is per-
formed before starting the torque increase control,
and then the upshifting is performed.

The control device according to claim 7, wherein the
target torque is set to be identical to the determina-
tion torque.

The control device according to claim 7, wherein
when the determination torque is greater than allow-
able torque, the target torque is set to be less than
orequal to the allowable torque, the allowable torque
being torque represented by (T X G2/G1) in which
T is maximum torque that can be outputted from the
rotating electrical machine at the wheel-based rota-
tional speed after shifting the shift speed by the up-
shifting, G1 is a gear ratio of the first shift speed, and
G2 is a gear ratio of the second shift speed.

The control device according to any one of claims 7
to 9, wherein

the operation of the upshifting includes a torque
phase and an inertia phase, the torque phase being
a period during which a drive power transmission
path in the automatic transmission shifts from a state
of the first shift speed to a state of the second shift
speed, with rotational speed of the rotating electrical
machine maintained in a state of the first shift speed,
and the inertia phase being a period during which
rotational speed of the rotating electrical machine
shifts from the state of the first shift speed to a state
of the second shift speed after the torque phase,
the torque increase control is performed in the torque
phase, and

the torque reduction control is performed during a
period from when it is determined to perform the up-
shifting until the torque phase starts.

The control device according to any one of claims 7
to 10, wherein in the torque reduction control, reduc-
tion rates of output torque from the rotating electrical
machine in a start period and an end period of a
period during which the torque reduction control is
performed are smaller than a reduction rate of output
torque from the rotating electrical machine in a mid-
dle period between the start period and the end pe-
riod of the period during which the torque reduction
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